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Introduction
Children's health and well-being are paramount to ensure optimum learning and development (DEEWR, 2009) . Physical well-being allows children to be physically active and active children have improved blood pressure, cholesterol and bone density, emotional and cognitive development, self-esteem, and social interaction skills compared with less active children (Copeland et al., 2012; Timmons et al., 2012; Lewicka and Farrell, 2007) . Active experiences support children to become 'physically literate', which is the foundation of physical activity experiences for later years (Maude, 2008) .
The period of early childhood (birth to 5 years) is critical for establishing health, well-being and healthy behaviors (Ward et al., 2012) . It is a time of rapid growth in young children, including significant brain development (Shonkoff, 2013) , physical and social development, as well as the formation of behaviour patterns. It is a time of significant opportunity, yet one of considerable risk, and that quality experiences are crucial as an investment in children's health and well-being (Shonkoff, 2013) . Social and physical environments have an important influence (Brown et al., 2009) , and quality experiences provide opportunities for children to learn from significant others, as well as practice skills that will lead to better immediate and long term health and education outcomes (Shonkoff, 2013; Melhuish et al., 2008) .
The nature and scale of Early Childhood Education and Care (ECEC) services have changed dramatically in most developed countries in the last two decades according to the OECD (Organization for Economic Co-operation and Development). In western Europe for example there has been an increase in children attending ECEC from 20% to 90% over a 15-20 year period from 1994 to 2014 (OECD, 2014) . With enrollment rates high, the ability of ECEC service programs to influence many children's learning, development and behaviors in a way that will promote good health across their life spans (Ward et al., 2009 ) is significant. ECEC services can provide social and physical environments that support quality experiences, learning and development through offering structured and unstructured experiences (Ward et al., 2010) , including physical activity experiences. A number of physical activity interventions that have focused on modifying the social and physical environment have been implemented in ECEC services (Gordon et al., 2013) however results have been inconsistent.
For example Cardon et al. (2008) reported no significant changes in physical activity levels following implementation of an intervention that focus on the physical environmental, while Hannon and Brown (2008) reported significant changes in light-, moderate-and vigorousintensity physical activity following their intervention that also focused on modifications to the physical environment. Recommendations from recent reviews (Gordon et al., 2013) suggest that further understanding of the ECEC environment and factors in these services that influence physical activity and sedentary behavior is required.
Reviews have addressed the correlates of children's physical activity (Hinkley et al., 2008) and sedentary behavior (Hinkley et al., 2010 ), yet to the best of our knowledge, no reviews have specifically identified correlates within ECEC services. Identifying influences on physical activity and sedentary behavior in ECEC services is particularly important for the development of evidence-guided programs and interventions (Hinkley et al., 2008) . Therefore the aim of this systematic review was to identify these influences. Consistent with other reviews of correlates of physical activity in children and adults (Ridgers et al., 2012; Hinkley et al., 2010; Hinkley et al., 2008; Sallis et al., 2000) a social ecological framework was used to scaffold the variables identified in this review. An ecological model will allow for the investigation of multidimensional factors that influence physical activity and sedentary behavior and the bidirectional relationships among these factors as well as the investigation of how factors at one level moderate the influence of factors from another level (Kearns, 2010) .
Methods
The process and reporting of this review adhered to the guidelines outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement (Moher et al., 2009) .
Search Strategy
A literature search of papers was conducted in eight electronic databases -ERIC, SPORT of selection was similar to that described in a number of other systematic reviews (Ridgers et al., 2012; Hinkley et al., 2008; Sallis et al., 2000) .
Inclusion and exclusion criteria
Papers were included if they: (1) were peer reviewed, written in English and available in full text, (2) included data from an ECEC service (birth-5years) setting, and (3) were a quantitative study that used an objective measure (such as accelerometers or OSRAP) of physical activity and/or sedentary behaviors. Pilot and mixed methodology studies were included if they met these criteria. Studies that measured habitual physical activity were included if physical activity and sedentary behavior data during ECEC hours were reported separately. Intervention studies were excluded as the interventions did not report associations.
Data extraction and synthesis
Information extracted from each article included: the sample (age range of children, number of ECEC services, number of children), physical activity/sedentary behavior assessment and outcome (method(s) of data collection, level of physical activity and/or sedentary behavior assessed), and correlates of physical activity and sedentary behavior (eg boys were more active than girls, older children more active). Researchers (KT, RJ, AO) then categorised these correlates into the associated social ecological framework (Kearns, 2010) domain (Child, Educator, Physical Environmental and/or Organizational) (see Table 2 ). A variety of techniques were used in the selected papers to report variables including univariate, bivariate and multilevel analyses. . Similar to another review (Ridgers et al., 2012) , for analyses focused on correlates where multiple analytic models were reported, findings from the most advanced, fully-adjusted model were extracted (Hinkley et al., 2010) .
All variables were recorded in the tables. Those that were reported a statistically significant (p<0.05) association with physical activity and/or sedentary behavior were coded as + or -, depending on the association (column 3, Tables 3 and 4) and those that were not significant were recorded in column 4, Tables 3 and 4. The number of studies reporting the same association was tallied and then this 'tally' was converted to a percentage. Some studies reported multiple variables (such as child age in relation to indoor as well as outdoor environments). In these instances, the reference was included multiple times in the association column (Table 3 & 4) and the specific variable measured indicated with a footnote (Ridgers et al., 2012) . These codes were then analysed and given a summary code for association (see Table 1 ) based upon the percentage of studies and the direction of the association. This method of coding has been used previously (Ridgers et al., 2012; Hinkley et al., 2010; Hinkley et al., 2008; Sallis et al., 2000) .
Insert Table 1about here
Results

Summarising the articles
A total of 3771 papers were retrieved with 27 studies meeting inclusion criteria ( Figure 1 & Table 2 ). More than half the studies (56%) were conducted in the U.S. (n=15) (Pate et al., 2014; Stephens et al., 2014; Byun et al., 2013; Shen et al., 2013; Raustorp et al., 2012; Robinson et al., 2012; Nicaise et al., 2011; Dowda et al., 2009; Williams et al,. 2008; Pate et al., 2008; Bower et al., 2008; Dowda et al., 2004; Pate et al., 2004; Trost et al., 2003; McKenzie et al., 1992) , with the remaining conducted in Canada (n=3) (Vanderloo et al., 2014; Vanderloo et al., 2013; Gagne & Harnois, 2013) , Sweden (n=3) (Raustorp et al., 2012; Pagels et al., 2011; Boldemann et al., 2006; ) , Netherlands (n=2) (Gubbels et al., 2012; Gubbels et al., 2011) , Belgium (n=2) (Van Cauwenberghe et al., 2012; Cardon et al., 2008) , Denmark (n=2) (Olesen et al., 2013; Grontved et al., 2009) , and Australia (n=1) (Sugiyama et al., 2011) . One study collected data across countries -Sweden and the U.S (Raustorp et al., 2012) . Physical activity and sedentary behaviors were assessed using accelerometers (n=17) (Pate et al., 2014; Stephens et al., 2014; Vanderloo et al., 2014; Byun et al., 2013; Gagne & Harnois, 2013; Olesen et al., 2013; Shen et al., 2013; Vanderloo et al., 2013; Raustorp et al., 2012; Van Cauwenberghe et al., 2012; Pagels et al., 2011; Sugiyama et al., 2011; Dowda et al., 2009; Grontved et al., 2009; Williams et al., 2008; Pate et al., 2004; Trost et al., 2003) , direct observation (OSRAP (n=8) (Gubbels et al., 2012; Gubbels et al., 2011; Nicaise et al., 2011; Dowda et al., 2009; Pate et al., 2008; Bower et al., 2007; Dowda et al., 2004; Trost et al., 2003) , BEACHES (n=1) (McKenzie et al., 1992) , SOFIT (n=1) (Van Cauwenberghe et al., 2012) ) and pedometers (n=4) (Robinson et al., 2012; Pagels et al., 2011; Cardon et al., 2008; Boldemann et al., 2006) . Five studies used multiple objective methods of measuring physical activity and sedentary behaviour (Van Cauwneberghe et al., 2012; Pagels et al., 2011; Dowda et al., 2009; Trost et al., 2003; McKenzie et al., 1992) , for example OSRAP as well as accelerometers (Trost et al., 2003) . Of the 27 studies included, most (74%) reported moderate-to vigorous-intensity physical activity (MVPA) (Pate et al., 2014; Stephens et al., 2014; Vanderloo et al., 2014; Olesen et al., 2013; Shen et al., 2013; Vanderloo et al., 2013; Raustorp et al., 2012; Van Cauwenberghe et al., 2012; Nicaise et al., 2011; Pagels et al., 2011; Sugiyama et al., 2011; Dowda et al., 2009; Grontved et al., 2009; Bower et al., 2008; Pate et al., 2008; Williams et al., 2008; Dowda et al., 2004; Pate et al., 2004; Trost et al., 2003; McKenzie et al., 1992) , and many (56%) reported total physical activity (TPA) (Pate et al., 2014; Vanderloo et al., 2014; Gagne & Harnois, 2013; Vanderloo et al., 2013; Gubbels et al., 2012; Robinson et al., 2012; Gubbels et al., 2011; Pagels et al., 2011; Bower et al., 2008; Cardon et al., 2008; Pate et al., 2008; Boldemann et al., 2006; Trost et al., 2003; McKenzie et al., 1992) . Sedentary behavior was reported in thirteen studies (48%) (Vanderloo et al., 2014; Byun et al., 2013; Vanderloo et al., 2013; Raustorp et al., 2012; Nicaise et al., 2011; Pagels et al., 2011; Sugiyama et al., 2011; Dowda et al., 2009; Pate et al., 2008; Williams et al., 2008; Bower et al., 2007; Dowda et al., 2004; Pate et al., 2004) (Table 2) .
Sixty-six physical activity and sedentary behavior correlates were identified (Tables 3 & 4) , of which 13 were classified as child variables, ten classified as educator variables, 21
classified as physical environmental and 22 classified as organizational variables.
Associations identified (Table 3 & 
.1 Child Variables
Nine child correlates were identified (Tables 3 & 4) . The most frequent individual correlate reported was sex (n=18), with boys being more physically active than girls. Strong positive associations (4 or more studies) with children's physical activity in ECEC services were found for age and motor coordination, older children were more active than younger children 
Educator Variables
Educator variables included individual characteristics such as qualifications, training, attitudes and practices.
Of the 27 studies, educator variables were the least studied. Eight variables were reported from 13 references (Tables 3 & 4) . Of the variables identified, none reported a strong association, and only educator behaviors (ie, prompts and feedback (Vanderloo et al., 2014; Nicaise et al., 2011; Sugiyama et al., 2011; Cardon et al., 2008) were reported four or more times, all with inconclusive results.
Physical Environmental Variables
Physical environmental variables were the most frequently reported domain of children's physical activity and sedentary behavior in ECEC services, with 12 variables identified (Tables 3 & 4) . Strong positive associations were reported between physical activity and outdoor environments (eg, the opportunities for children to play in these) and the size of the play space. Outdoor environments were associated with increased children's physical activity in six of the seven studies (Stephens et al., 2014; Vanderloo et al., 2013 (4 variables) ; Raustorp et al., 2012) , and reduced sedentary behavior in three of the four studies (Vanderloo et al., 2013 (2 variables)
; Pate et al., 2004) . It was only with girls' MVPA that there was no association for both physical activity and sedentary behavior in outdoor environments (Vanderloo et al., 2013) . The size of the play space was associated in four of the seven studies (Gubbels et al., 2011; Nicaise et al., 2011; Dowda et al., 2009; Boldemann et al., 2006) with larger play spaces (eg total area, m 2 ) related to higher levels of physical activity.
Organizational Variables
Ten organizational variables were reported (Tables 3 & 4) . Active opportunities, service quality (eg, as rated by the EPAO, ECERS-R), preschool location and group size were all identified five or more times, with only active opportunities showing strong positive associations with children's physical activity, which included a shorter recess (play time) (Cardon et al., 2008) . Policy was discussed in two studies (Olesen et al., 2013; Bower et al., 2008) both no association with physical activity or sedentary behavior was identified.
Discussion
This is the first known review that reports the correlates of physical activity and sedentary behavior in ECEC services. It is warranted given that the majority of children aged 3-5 years attend ECEC services (OECD, 2014) and ECEC services have a critical role in providing opportunities for children to be physically active. Similar to other reviews on children's physical activity and sedentary behavior, this review showed that correlates of children's physical activity and sedentary behavior with ECECs are multi-dimensional (Hinkley et al., 2010; Hinkley et al., 2008; Sallis et al., 2000) . A greater number of physical activity correlates were identified compared with sedentary behavior correlates, and consistent with a review on correlates of physical activity during school recess time (Ridgers et al., 2012) , the majority of variables identified in this review were at the child and physical environmental levels of the social ecological framework. Even though many variables were identified at the child level, this review has primarily focused on the more modifiable influences of children's physical activity and sedentary behaviour within an ECEC service, such as routines and opportunities for physical activity experiences. Discussions of child characteristics are abbreviated as the child variables have been addressed in other reviews (Timmons et al., 2012; Hinkley et al., 2008) and this systematic review primarily focuses on factors associated within ECEC services.
The child domain provided evidence that boys were active than girls, which is consistent with other reviews (Ridgers et al., 2012; Sallis et al., 2000) , that older children were more active than younger children, as were children with better motor coordination. A reason for these results in an ECEC environment may be the programs and environments that are offered to children. Even though sex and age are not modifiable characteristics, it is important for programs and social and physical environments, which are modifiable aspects, to be designed to provide opportunities for all children to improve skills and increase physical activity.
Given that educators within the ECEC environment are responsible for providing experiences for children, it is plausible to suggest that they may need to provide more intentional opportunities for children from the identified groups, such as for girls to engage in active play (Morgan et al., 2013) , and programs and environments that engage younger children and children with less developed motor skills. These may increase children's motivation and involvement in physical activity, even at this young age.
Educators were included in this review as a specific domain as they are an important aspect of ECEC service pedagogy. Less than 50% (12 from 27) of the studies and only 12% (8 from 66) of the variables were in the educator domain and none of these reported strong associations with physical activity or sedentary behavior. Although educator variables were the least represented in the 27 studies in this review, several correlates were identified, larger play spaces has also reported a positive influence on increasing children's physical activity may be that access to spacious environments provide opportunities for children to move more freely and may result in the need for greater movement between experiences, an aspect of environmental design which is an area of ongoing research (Boldemann et al., 2006) . Together, the presence of outdoor environments, and the influence of the size of these environments provides evidence of the significance of appropriately designed ECEC services and programs that offer sufficient opportunities for play in outdoor spaces (Sallis et al., 2000) .
Interestingly, multiple aspects of the physical environmental domain presented either no association or an inconclusive result: sedentary items (eg the presence of TV, computers), natural features / surface (eg gardens, the type of surface), indoor environments, gradient (eg, the presence of hills), shade, markings (eg bike tracks), portable equipment, fixed equipment, height of equipment and weather conditions. These inconclusive results may be due to the wide range of variables identified, and is in contrast to other reviews (Hodges et al., 2013; Dyment et al., 2009 ) that have suggested that these factors are important.
The organizational domain primarily found little to no association with physical activity or sedentary behavior. The only strong positive association with physical activity was the provision of active opportunities which included structured physical activity, the facilitation of a specific indoor space for physical activity and planned recess times (Shen et al., 2013; Dowda et al., 2009; Bower et al., 2008; Cardon et al., 2008) . Reasons for this could be the range of variables presented in this domain, and the variability within each, such as specific aspects of the program including field trips, preschool type, group size, and the use of electronic media. As discussed, in the physical environmental domain the greatest physical activity occurs outside (Van Cauwenberghe et al., 2012; Pate et al., 2004) however the findings in the organizational domain show that the way an indoor environment is used has been shown to be related to physical activity (such as having a specific space for physical activity) (Sugiyama et al., 2011) . Therefore to maximise opportunities for increasing physical activity and reducing sedentary behavior, it is important for educators also to consider how they can most effectively use the inside environment for physical activity and reducing It is interesting to note that in the organizational domain, the actual period of time spent outside has no association with children's physical activity and in particular with children's MVPA (Dowda et al., 2009; Dowda et al., 2004) .This is important for the ECEC sector as it appears to be the quality, rather than the quantity of the play time that is significant. This view is supported by another study that reports that additional outdoor playtime is inversely related to children's physical activity levels (Alhassan et al., 2007) . Consistent with another study (Sallis et al., 2000) , the findings related to opportunities for physical activity validate the need for well-designed, intentional environments and programs to support physical activity, and also align with a qualitative study (Tucker et al., 2011) which suggests educators felt that additional training and resources were key areas to increase children's physical activity and reduce sedentary behaviors. Providing these opportunities should be a goal of directors, educators and policy developers. Adopting written policies, in conjunction with existing programs that support frameworks and curriculum may increase children's daily physical activity and the attainment of daily recommendations.
Strengths & Limitations
This review has a number of strengths: (1) alignment with the PRISMA statement for reporting systematic reviews (Moher et al., 2009 ) thereby providing precision and structure;
(2) reviews studies that used objective measures of physical activity and sedentary behavior;
(3) included correlates that have not been specifically studied before in ECEC settings; and (4) follows a social ecological framework, which provided a clear organization of the reporting and analysis, relevant to an ECEC service.
However the results of this review should be considered in light of a number of limitations, including: (1) there were only a small number of studies for some variables. Of significance is that less than a third of the variables identified were investigated four or more times and less than 30% of the studies examined correlates across all levels of the model simultaneously,
(2) most of the studies were from the U.S and therefore may limit the generalizability of the results, (3) the search was limited to studies in the English language, (4) the studies reviewed included varied in sample size (2-63 ECEC services and 34-783 children) and methodologies (although all used an objective measure of physical activity and /or sedentary behavior), which may potentially impact the heterogeneity of the estimates, and the likelihood of biases in the overall conclusion. This variability seen in the papers reviewed is similar to previous reviews (Hodges et al., 2013; Ridgers et al., 2012) and is expected given the diversity within the ECEC sector. Furthermore, the range of methods of assessing physical activity and sedentary behavior may have influenced the associations identified, which is consistent with other reviews (Hodges et al., 2013; Ridgers et al., 2012; Hinkley et al., 2010) . It is crucial that future studies focus on consistently using the most objective measures of physical activity and sedentary behavior to increase comparability of study results, (5) the social ecological framework is a complex framework and the potential interactions between the various domains may have consequences on the outcome measures (investigating such interactions was beyond the scope of this review), and (6) some variables explored have presented conflicting positive and negative associations (for example Educator Behaviors in Table 3 ), this is not factored into the coding approach adopted. An alternate approach to 'tallying' the scores maybe more appropriate in future reviews.
Conclusion
The early years are a significant time for children, and ECEC services are in a crucial position to promote and encourage learning and development, as well as healthy behaviors (Riethmuller et al., 2010) . This systematic review explored the correlates of physical activity and sedentary behavior in ECEC services.
In summary, this review shows that the influences upon children's physical activity and sedentary behavior in ECEC settings are multidimensional. Educators have a critical role in promoting physical activity and reducing sedentary time, and have opportunities to support children's activity levels across many of the domains in the social ecological framework.
This review will inform ECEC practice as it highlights capacities for increasing physical activity, such as the effective use of space, time and intentional teaching opportunities.
Professional development for educators that focuses on these aspects within an ECEC service, as well as an emphasis on their role as a facilitator/educator of quality experiences is warranted. Further research and intervention is needed to ensure children have access to rich environments, knowledgeable and involved educators, as well as quality interventions and programs that are most conducive to engaging children in levels of physical activity for health and well-being in early childhood and beyond.
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